C-banding techniques detect the presence of constitutive heterochromatin, which is usually located in centromeric regions of chromosomes in the majority of analysed species. The common method for C-banding used over the last 30 years involves treatment with a mild alkali barium hydroxide 5 % Ba(OH) 2 at 50°C for 5 -15 min and subsequent incubation in salt solution (2 × SSC at 60°C for 1 h). We here present a new, easy and reliable technique for C-banding, which basically involves heat denaturation of chromosomal DNA in the presence of formamide and incubation in 2 × SSC at room temperature. Thirty years after the discovery and intensive study of the phenomenon, the mechanisms of chromosome banding are still rather speculative. However, several banding techniques are commonly used, e.g. G-, C-, R-and Q-bands, which reveal unique arrays of discrete, differential staining of several spatial domains along metaphase chromosomes.
Thirty years after the discovery and intensive study of the phenomenon, the mechanisms of chromosome banding are still rather speculative. However, several banding techniques are commonly used, e.g. G-, C-, R-and Q-bands, which reveal unique arrays of discrete, differential staining of several spatial domains along metaphase chromosomes.
C-bands are present in the centromeric regions of chromosomes of analysed species and represent constitutive heterochromatin. This heterochromatin is highly condensed A-T or G-C rich, highly repetitious DNA, with no known genes.
In 1970 Pardue and Gall described that the centromeric heterochromatin of mouse chromosomes, rich in satellite DNA, stained more intensely with Giemsa following treatment for in situ hybridization. This procedure consisted of exposing fixed chromosomes to 0.07 N NaOH for 5 min and to 2× SSC at 66°C overnight. Modification of this hybridization treatment was carried out by ARRIGHI and HSU (1971) in order to produce a C-banding protocol. SUMNER (1972) described another method with treatment with a milder alkali barium hydroxide (5 % Ba(OH) 2 at 50°C for 5 -15 min) and subsequent incubation in salt solution (2×SSC at 60°C for 1 h), which is still in use throughout the world. Although both techniques produce the same results, that is to say, the C-banding pattern, as Ba(OH) 2 is a relatively milder alkali than NaOH is, the slides require longer treatment with Ba(OH) 2 to denature chromosomes, which provides greater control over the denaturation process.
We present here a new, easy and reliable technique for C-banding, which basically involves heat denaturation of chromosomal DNA in the presence of formamide and incubation in 2×SSC at room temperature.
MATERIALS AND METHODS
Chromosomes from two rodent species (Mus musculus, Microtus cabrerae) and human were obtained from bone marrow cells and peripheral blood lymphocyte culture respectively, following the usual cytogenetic technique. The hypotonic treatment was with 0.56 % KCl in water for 20 min, fixation was with methanol/acetic acid (3:1), and finally the slides were air dried. Slides were stored in an incubator at 65°C for 48 hours before they were used for Cbanding.
For C-banding, 20 ml of 50 % formamide in water or 2×SSC was placed on each slide, covered with cover slip and the slides were incubated for 2 min at 70°C to denature chromosomal DNA, and then incubated in the same solution at 37°C for 1 hour. Then the slides were rinsed in 2× SSC from 30 to 60 min at room temperature, and finally stained with 5 % Giemsa solution for 15 to 30 min.
In addition, we tested several conditions, such as different incubation times after denaturation step and decreasing the formamide concentration (40 %, 30 % 20 % and 10 %) in denaturing solution.
RESULTS AND DISCUSSION
This technique produces a typical C-banding pattern in the chromosomes of Mus musculus, M. cabrerae and human without differences from banding patterns obtained with SUMNER's technique or other C-banding procedures ( Fig. 1) , described by PARDUE and GALL (1970) Suppression of the incubation step at 37°C or incubation at 37°C overnight after the denaturation step has no effect on the quality of banding patterns. Similarly, the formamide solution may be in water or 2 × SSC without any change in the banding quality.
Although C-bands were produced with less than 50 % formamide in the denaturation solution, there is a severe alteration of chromosome morphology and hence loss of band quality. The denaturation step (2 min at 70°C) could not be suppressed and similar treatment in the absence of formamide does not produce C-banding. COMINGS et al. (1973) obtained poor C-banding patterns in Chinese hamster chromosomes after treatment with 10 % formamide at 100°C for 2 min, followed by incubation in 2×SSC at 65°C for 20 sec. In fact, when we decreased the formamide concentration, we also obtained C-banded chromosomes but the banding was not of good quality. However, when formamide concentration was 50 % the bands became better. There are interesting differences between our protocol and Comings' protocol: the formamide concentration is higher, the denaturation takes 2 min at Fig. 1a -d . C-banded metaphases using the method described here: a and b from Mus musculus; c from Microtus cabrerae and d from human. Note the characteristic C-banded pattern with heterochromatin block in all the centromeric regions. Furthermore, in M. cabrerae the giant X chromosome presents a large heterochromatic portion which includes the short arm, the centromeric region, and the proximal third of the long arm. In a, b and c metaphase plates from bone marrow preparations and in d from peripheral blood lymphocytes culture.
70°C, and treatment with 2×SSC is at room temperature. DEV et al. (1972) described a protocol to obtain C-bands based on hot formamide treatment. In this case air dried spread chromosomes were incubated for 30 min in 95 % formamide in SSC at 67°C, and dehydrated in ethanol series before Giemsa staining. This method was successfully used to demonstrate centromeric C-bands in mouse chromosomes, but was not able to produce good results with other mammalian species such as Syrian and Chinese hamster, rat, the vole species Microtus agrestis and human (MARSHALL 1975) , with which the SUMNER's technique presents prominent C-bands. However, the technique described here permits obtaining positive C-bands in mouse chromosomes and also in chromosomes of other mammalian species, in the vole Microtus cabrerae and human. In this case, the differences between the results of the method described by DEV et al. (1972) and those obtained with our protocol could be due to differences in formamide concentration (95 % vs 50 %) and in the denaturation processes (30 min, 67°C vs 2 min, 70°C).
Furthermore, HENG and TSUI (1993) demonstrated that, adjusting the denaturation time in the presence of formamide during the realisation of the in situ hybridization protocol, it was possible to obtain DAPI-band, DAPI/C-band and C-band in combination with FISH in human chromosomes stained with DAPI. In fact, when chromosomes were denatured for in situ hybridization in 70 % formamide at 70°C for 30 to 60 s results in normal DAPI banding pattern. Incubation for 60 to 120 s in the same conditions of denaturation produced partial C-banding including DAPI bands, while incubation for more than 2 min produced only C-bands. The final Cbanding pattern observed in the HENG and TSUI (1993) protocol include all the treatments normally used for in situ hybridization in addition to the denaturation step in the presence of formamide, which as we demonstrated are not necessary to produce good C-bands when chromosomes are stained with Giemsa.
In relation to the underlying mechanism of Cbanding, although it was initially thought that the Giemsa positive regions represented areas of reassociated, highly repetitious DNA (GAGNE et al. 1971; MACE et al. 1972) , it is commonly accepted that the C-banding mechanism is based on the preferential loss of DNA from the non-C-band regions of chromosomes (BURKHOLDER and DUCZEK 1982; COM-INGS et al. 1973) . It was suggested that two successive stages occurred during the loss of DNA. Chromosomal DNA is depurinated and denatured successively during treatment in acid (HCl) and alkali (NaOH or Ba(OH) 2 ). Denatured DNA is further broken down into smaller fragments that are extracted in the solution during incubation in 2× SSC (HOLMQUIST 1979) .
Denaturation in the presence of formamide and incubation in 2× SSC at room temperature is not a treatment which extracts a large amount of chromosomal DNA (COMINGS et al. 1973) . Furthermore, denaturation of chromosomes with 50 % formamide for 2 min at 70°C is commonly used in in situ hybridization techniques (ISH). If this step decreased the amount of chromosomal DNA, surely the ISH technique would become unsuccessful for removing the DNA which hybridize with the probe, but this is not the case (HENG and TSUI 1993) . Furthermore, as COMINGS et al. (1973) demonstrated, the renaturation of chromosomes after denaturation occurred in 20 s in the C-band region and in 3 to 5 min for the rest of chromosomal DNA. For all these reasons we assume that in our protocol there is no important extraction of DNA, and that the entire DNA is renatured. Hence, neither DNA loss nor renaturation is the explanation for C-banding in this case.
Then, if no DNA loss or renaturation of DNA are implicated in this C-band protocol, what is the mechanism that produces dark C-band and clear non-Cband regions in chromosomes? On the basis that C-banding protocol with over-treatment with trypsin results in the disruption of the chromosomal organisation in the arms and not in the centromeric region without extraction of DNA, COMINGS et al. (1973) concluded that selective C-bands are related to disruption of chromosomes in non-C-band regions due to either removal of DNA in some protocols or to disruption of their organisation in others. The same authors suggested that particular proteins (possibly non-histone proteins) were associated with DNA and closely involved in the condensation of constitutive heterochromatin, making it more resistant to dispersion and extraction. However, the definitive factor that selectively prevents the dispersion or loss of DNA from C-band regions is not clear. In our protocol C-banding could be due to disruption of the chromosomal organisation in the arms by denaturation of chromosomes in the presence of 50 % formamide. In any case, the quality of C-band obtained with this new protocol makes it a simple and effective alternative protocol to detect constitutive heterochromatin.
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